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Key Findings
Overview
Inorganic scintillators are appropriate for nuclear γ-ray spectroscopy due to
their high stopping power and light yields, both of which contribute directly
into excellent detection efficiency. Maximizing science return, however,
depends not only on γ-ray detection but also on spectroscopic
performance. Our goal is to optimize these factors to produce a device
capable of meeting science-based spectroscopic performance
requirements relevant for astrophysics and planetary science, while
simultaneously minimizing size, weight, and power resources (SWaP).

Optical Performance
High-Sensitivity Optical Photon Collection
Improvements in fabrication techniques have led directly to increases in SPM
optical responsivity. The current generation of SPMs have peak performance
at wavelengths >400 nm and improvements in fabrication techniques have
led to a >2-fold improvement in SPM optical responsivity over devices
produced only a year ago.
Spectral Response

Silicon photomultipliers (SPM) are a viable opto-electronic alternative to
traditional scintillator readout schemes. Integrated into a high-resolution
spectroscopy system they represent an enabling technology, providing a
number of key implementation benefits such as: ruggedness,
compactness, low mass, insensitivity to magnetic fields, and low bias
voltage (~30V) operation.

Responsivity Match to Bright Scintillators
Thalium-doped cesium iodide, CsI(Tl), is an excellent spectral match to
SPM PDE.
• Yield: 54,000 photons/MeV

• Peak Emission: 540 nm
• Hygroscopic: slightly
• Primary Decay Time: 1000 ns
• Non-Proportionality: <5% above 0.1 MeV, Plateauing above 1 MeV
Uniformity
High Uniformity Simplifies Implementation & Minimizes Systematics
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rcially available SPM modules will be used throughout the proposed effort. The SPMArdule from Sensl, Inc. is the most mature large area device (1.3 x 1.3 cm) currently avails configured as a 4 x 4 array of ‘pixels’, each of which consists of 3640 microcells. The
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Response uniformity is very good, with variations less than ±10%, a 4-fold
improvement in uniformity over the previous generation of devices. High
uniformity makes it possible to discriminate precise numbers of
photoelectrons (i.e. photon counting) detected as distinct, discrete levels
upon readout, with dynamic range limited by the number of microcells.

Laboratory measurements of prototype SPM-based spectrometer module
utilizing CsI(Tl). Data shown were obtained at room temperature (~23˚C)
and 10˚C using laboratory radiological standards at a bias voltage 2V
above breakdown. Resolution is anticipated to improve by ~20-25% at a
bias voltage 4V above breakdown, with a corresponding increase in noise impact to spectroscopic resolution under study.
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• FWHM @ 662 keV
• Dark Count: ~8MHz @ 23˚C
• Dark Count: ~0.5kHz @ 10˚C
All performance results validated/
duplicated with analytic model of
SPM functionality

Explanation
High-resolution spectroscopy has many applications ranging from national
security to planetary exploration. The need for low-power, rugged,
lightweight systems is critical. Gamma-ray spectroscopy systems based on
SPM-technology hold promise for meeting the strict requirements at lowcost, while simultaneously providing spectroscopic performance similar to
that of cryogenic and/or high-cost systems.

